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The present study aims at estimating the local and external sources of PM10 in a coastal semi-rural
background site of Po Valley (Italy) using experimental data and different chemometric approaches.
An improved application of the factorecluster analysis (FCA) is here presented. A factor analysis on the
elemental and water soluble inorganic ions composition of PM10 was first performed, to detect the most
probable sources, then the application of the multi-linear regression analysis pointed out the most
important: sea-spray contributed most to PM10 mass (24%), then secondary aerosol (21%), anthropogenic
local pollution (13%) and combustions (8%). Samples with similar source profiles were then grouped
using cluster analysis on the source contributions. Clusters interpreted on the basis of wind data and
back-trajectory frequencies indicated the most probable origins, by discriminating local generation and
long-range transport processes. An indirect estimation of the influence of local and external contribu-
tions to PM10 evidenced that PM10 regulatory limits are exceeded because of local weather conditions
and external transport. A discriminant analysis was also carried out to check the performance of FCA in
grouping samples and extracting further information on PM10 sources.
 2012 Elsevier Ltd. All rights reserved.1. Introduction
The Po Valley, because of the high level of urbanization and
peculiar orographic features limiting air circulation, is affected by
worrying concentrations of several atmospheric pollutants such as
ozone, nitrogen oxides and particulate matter causing a constant
hazard for about 20 million inhabitants. In particular, PM10, known
to be correlated to several adverse health effects (e.g. Samoli et al.,
2008), reaches levels frequently exceeding the limit and target
values fixed by the European Directives (EEA, 2011).
Venice is an ideal place to study the effects of the atmospheric
circulation and long-range transports in the Po Valley, being
located between the eastern border of the Po plain and the Adriatic
Sea and presenting emissive scenarios common to other large
European cities: high density residential areas, heavy traffic roads
and motorways, coal and gas thermoelectric power plants, many
industrial installations (Rampazzo et al., 2008a; b). In addition,
being in the middle of a 550 km2-wide coastal lagoon, it is also
affected by sea-spray and maritime emissions. Therefore, thex: þ39 041 234 8644.
All rights reserved.combination of intense local emissions, limited exchange of air
masses and prolonged atmospheric neutrality and stability during
several consecutive days may lead to the accumulation of locally
emitted pollutants and cause highly frequent pollution episodes
exceeding the European limits, as reported by the environmental
authorities (ARPAV, 2011). Regional-scale transports of pollutants
from the Po Valley may also seriously affect the PM10 levels and
composition in the study area. In a recent study conducted in
a semi-rural coastal background site near Venice (Masiol et al.,
2010), the authors proposed a factorecluster analysis (FCA) to
select group of samples on the basis of their similar chemical
composition and origin during the sea/land breeze season (late
springebeginning of autumn).
The main goal of the present study is to test an advanced
application of the FCA to estimate the influence of local and
external contributions to PM10. First, starting the cluster analysis
from the source apportionment results of the receptor model
instead of simply basing on the factor scores matrix, allowed to
quantitatively characterize the source contributions of the identi-
fied groups. In a second step, groups were compared on the basis of
their source signature and atmospheric circulation patterns to
extract information on the locations of the most probable local
sources, to assess the background pollution and the influence of
Table 1
Statistical parameters of experimental values of PM10, elements and major ions and
difference with the mean values recorded during the sea/land breeze season.




PM10 mg m3 28 23 19 9
Cl mg m3 1.3 0.7 0.3 1.0
NO3 mg m
3 4.4 2.4 1.0 3.4
SO24 mg m
3 3.4 2.8 4.1 0.6
ssSO24 mg m
3 0.4 0.3 0.2 0.3
nssSO24 mg m
3 3.0 2.4 3.9 0.9
Naþ mg m3 1.7 1.1 0.7 1.0
NHþ4 mg m
3 1.2 0.4 1.4 0.2
Mg2þ mg m3 0.3 0.3 0.1 0.2
F ng m3 81 37 e e
Al ng m3 83 47 212 129
Si ng m3 277 195 489 212
P ng m3 20 11 28 8
K ng m3 477 268 195 282
Ca ng m3 668 493 573 95
Ti ng m3 29 10 16 13
V ng m3 3 1 7 4
Cr ng m3 3 2 3 0
Mn ng m3 9 4 8 1
Fe ng m3 303 161 224 79
Ni ng m3 4 1 4 0
Cu ng m3 12 5 7 5
Zn ng m3 40 24 30 10
Br ng m3 10 7 e e
Pb ng m3 12 6 e e
a Data collected from May to September, 2007 (Masiol et al., 2010).
M. Masiol et al. / Atmospheric Environment 54 (2012) 127e133128local wind dynamics. Third, an indirect estimation of the influence
of local and external contributions to PM10 and chemical species
was performed. Finally, a discriminant analysis (DA) was used to
check the performance of FCA in grouping samples and to highlight
the relative importance of sources in all groups.
The experimental data were collected during the non-breeze
seasons (autumnewinter) i.e. in the most polluted period with
the highest levels of PM10. Being more important in terms of
potential health hazard than the sea/land breeze season, this period
is characterized by a less complex atmospheric circulation and
enables a more significant test of the proposed approach under less
favorable conditions.
2. Materials and methods
2.1. Sampling and analytical procedures
A total of 72 PM10 samples were collected between October
2007 and January 2008 on polycarbonate Nuclepore membranes
(0.4 mm pore size; GE, USA) using a low-volume sampler (TCR
Tecora, Italy). The masses of sampled PM10 were quantified using
a microbalance (nominal precision 1 mg) and conditioning at
constant temperature (20  5 C) and humidity (RH 50  5%) for
48 h. Half filter was ultrasonically extracted in ultrapure water
(specific resistivity ¼ 18 MU cm) and the solution analyzed on an
ion chromatograph (DX500 system, Dionex, USA) for seven major
inorganic ions (F, Cl, NO3 , SO
2
4 Na
þ, Mg2þ, NHþ4 ). Samples were
also analyzed for 15 elements with atomic number 13 (Al, Si, P, K,
Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Br and Pb) using the Particle Induced
X-ray Emission (PIXE) technique at INFN Legnaro laboratories
(Padua, Italy). Details of the analytical procedure including the
quality assurance and control are given in Masiol et al. (2010).
2.2. Weather data and backward trajectories
Wind speed and direction, along with air temperature, relative
humidity, solar irradiance and precipitations, were hourly
measured at a weather station near the sampling site. The potential
influence of long-range transports on the chemical composition of
aerosol in Venice was estimated by studying the history of the air
masses in the 5 days before sampling. HYSPLIT model version 9.4
(Rolph, 2011; Draxler and Rolph, 2011) was used to simulate the
back-trajectories ending at the sampling site. Model set-up: 120 h
run time; starting height 50 m AGL; NCEP/NCAR Reanalysis data
fields. As some studies detected limitations in accuracy of trajec-
tories calculations (Stohl, 1998), the confidence of back-trajectories
was tested using different starting heights and hours: errors asso-
ciated with a single trajectory were reduced by simulating five
trajectories for each sampling day (at 0, 6, 12, 18 and 24 local time).
2.3. Data treatment and statistical procedures
Data were statistically processed using SPSS 12 (SPSS Inc., USA)
and STATISTICA 6 (Statsoft Inc., USA). A receptor model was applied
to characterize the main sources and estimate their contribution to
the total mass of the PM10. Briefly, source identification was per-
formed by a Varimax rotated factor analysis (FA). The multi-linear
regression analysis (MLRA) was subsequently applied to appor-
tion the mass of PM10 and analyzed elements using the Absolute
Factor Scores (AFS) calculated by introducing a fictitious sample
with null concentrations for all variables as independent variables
(Thurston and Spengler, 1985) and PM10 and the chemical species
as dependent variable.
In a second step, a Cluster Analysis was performed to sort groups
of samples with similar chemical composition. Sourcecontributions estimated by the source apportionment procedure
were used as input data for the clustering process using the Ward’s
hierarchical method and the squared Euclidean distances. Later,
using the source contributions as independent variables and the
groups extracted by the FCA as dependent variables, a DA was
carried out to verify the performance of FCA results, i.e. to grade the
general chemical homogeneity of the groups and to highlight the
relative importance of sources in each groups. DA points out the
variables which significantly differentiate two or more groups.
Basing on the test of univariate equality of group means, variables
(sources) can be classified as discriminant or not discriminant: high
Wilks’L (>0.9) and significances (>0.3) identify “not discriminant”
variables. On the contrary, significances below 0.05 identify
“discriminant” variables.3. Results and discussion
3.1. PM10 levels and composition
Table 1 summarizes some statistics from the autumnewinter
dataset and includes also results from the springesummer
season. Data below the LODs or having high percentage of fitting
error (>50%) were substituted by LOD/2. The variables Br and Pb
with only few samples above the detection limits were excluded
from any further processing. Average concentration of PM10 was
28 mg m3 (range: 4e70 mg m3). The 24-h limit of 50 mg m3 (99/
30/EC Directive) was exceeded in 10 days. Sea-salt sulfates ðssSO24 Þ
were indirectly calculated from the Naþ concentrations using the
seawater ratio ð½ssSO24 =½Naþ : 0:25Þ andwere subtracted from the
total sulfates to obtain the non-sea-salt sulfates ðnssSO24 Þ. Results
evidenced that sea-spray accounts for about 14% of total sulfates on
the average.
The crustal Enrichment Factors (EFs) were calculated for each
element using silicon as a reference for the average crustal composi-
tion (Rudnick andGao, 2004). Sodium, chlorine, copper and zincwere
anomalously enriched elements, having EFs higher than 100 (Chester,
M. Masiol et al. / Atmospheric Environment 54 (2012) 127e133 1292000). These elements clearly have a non-crustal origin, i.e. marine
(Na, Cl) andanthropogenic (Cu, Zn). Typical crustal elements (Al, Fe, Ti,
Mn) show EFs lower than 10, indicating a common origin from the
lithosphere. Calcium and potassium appear slightly enriched, having
EFs of about 20. An indirect estimation of the crustal material was
made by summing Al, Si, Ca, Ti, K, and Fe as oxides
(1.15(1.89 * Alþ 2.14 * Siþ 1.67 * Tiþ 1.4 * Caþ 1.2 * Kþ 1.36 * Fe)) and
referring to the average composition of rocks. Since Ca and K are
slightly enriched, the fraction considered of crustal origin has been
obtained by dividing their concentration for their EFs (Marcazzan
et al., 2001). However such an estimation of the crustal component
should be considered as indicative, because some anthropogenic
processes may also produce crustal-like materials: cement plants,
road wear, some industries such as the artistic glass factories in the
island of Murano (Rampazzo et al., 2008b). In a similar way, an esti-
mation of the sea-salt component was indirectly computed as
ClþNaþþ ssSO24 . Themajor aerosol componentswere found in the
order: nitrate (4.4 mg m3) > sea-salt (3.3 mg m3) > nss-sulfate
(3.0 mg m3) > crustal material (1.6 mg m3) > ammonium
(1.2 mgm3). Nitrate and ammonium aremostly originated over land,
where emissions of NH3 and NOx are larger (Kim et al., 2011). Sulfate,
that canbealso emitteddirectly from the sea alongwith chlorides and
sodium, in our samplingperiodwasmostly formedby theoxidationof
SO2 fromanthropogenic emissions (Seinfeld and Pandis, 2006). Under
this scenario, it is clear that secondary inorganic components (sulfate,
nitrate and ammonium) may account for a significant fraction of the
PM10mass andmay play a key role in the heaviest pollution episodes.
In comparisonwith the sea/land breezes season, the sea-salt compo-
nent appears strongly increased, whereas crustal elements are almost
constants.
3.2. Source apportionment
A FA was performed after excluding the variable titanium from
the dataset, because of its low communality. Varimax normalized
rotation was applied to FA in order to maximize the criterion that
tends to drive FA loadings toward either zero or one (Thurston and
Spengler, 1985) and, then, to derive more significant information on
the distribution of variable weights on the factors. Six main factors
with eigenvalues >1 were extracted, explaining 89% of variance
(Table 2). Sources were identified on the basis of their chemical
profiles and in particular for the presence of some well known
markers. Factor 1 represents the association of anthropogenic
emission sources, linking Cr, Mn, Fe, Cu and Zn. This associationwas
already found during the sea/land breeze season and was inter-
preted as local pollution, mainly due to road traffic (Sternbeck et al.,
2002; Amato et al., 2011). This factor also links Ca (loadings >0.6)
and secondarily Al, Si and K (loadings 0.4e0.6), resulting fromwear
of road surfaces and pavement abrasion (Ketzel et al., 2007;Table 2
Results of factor analysis. Factor loadings less than 0.3 are not shown. Var (%): percent
significant factor loading (>0.6) are in bold.
Factor 1 Factor 2 Factor 3
Local pollution Marine aerosol Crustal þ Sulfate
Mn (0.95) NaD (0.92) FL(0.82)
Fe (0.93) Mg2D (0.86) Si (0.77)
Cr (0.91) ClL (0.82) Al (0.69)
Ca (0.90) SO24 (0.28) SO
2-
4 (0.60)
Zn (0.90) Fe (0.27)
Cu (0.81) Mg2þ (0.26)
K (0.52) Cr (0.26)
Si (0.50)
Al (0.46)
Var (%) ¼ 32 Var (%) ¼ 14 Var (%) ¼ 14
Cum.Var. (%) ¼ 32 Cum.Var. (%) ¼ 45 Cum.Var. (%) ¼ 59Kauhaniemi et al., 2011 and reference therein). Factor 2 reflects the
seawater salt composition (Cl, Naþ and Mg2þ) clearly identifying
the marine aerosol. Factor 3 is made up of the crustal tracers Al and
Si, but also links sulfate and fluoride. This factor was interpreted as
mineral dust, in agreement with the results of the summer season.
However, also an anthropogenic origin of this factor cannot be
excluded: during the sampling period engineering works for the
construction of high-tide preventing dams at the Venice Lagoon
entrancewere in progress. In addition, also the glass factories in the
Island of Murano can emit crustal raw materials (Rampazzo et al.,
2008b), even though winds from this sector were negligible in
the period considered. The condensation of sulfur acids on the
crustal particles can explain the concurrent presence of crustal
elements and sulfur. Factor 4 reveals the strong association of V and
Ni and it is also slightly correlated with sulfate (0.36). This source
may be related to the combustion of fossil fuels i.e. to emissions
from coal power plants (Alastuey et al., 2007), petrochemical
industry (Bosco et al., 2005), handling of coke (Moreno et al., 2007)
and shipping (Moldanová et al., 2009). Factor 5 shows high corre-
lations with nitrate and ammonium, representing the Secondary
Inorganic Aerosol (SIA) formed through the condensation and the
nucleation of HNO3 and NH3. Factor 6 is mainly composed of K and
secondarily of Cu and SO24 . Potassium has been largely used as
a tracer for biomass combustions (Puxbaum et al., 2007; Saarnio
et al., 2010), but it is also emitted by other combustion sources
such as municipal solid waste incinerators and coal power plants.
This source may identify mixed combustion processes.
MLRA was subsequently applied to apportion the mass of PM10
and chemical species emitted by the identified sources. Only
statistically significant mass contributions were retained and
results are shown in Fig. 1. The major PM10 mass contributors are
the sea-spray, accounting for 23% of the bulk mass (6.5 mg m3),
followed by ammonium nitrate (21%, 5.8 mg m3). Crustal/sulfate
explains 15% of PM10 mass (4.1 mg m3), whereas local pollution
represents 13% (3.7 mg m3) and mixed combustions 8%
(2.1 mg m3). Fossil fuels source does not provide statistically
significant mass contributions on PM10. The mass contribution of
non-identified sources is 21% (5.8 mg m3). This result is probably
due to the carbonaceous and water components in the particles,
which were not quantified. In order to verify the quality of results,
experimental PM10 concentrations were correlated with the
modeled PM10. The coefficient of adjusted multiple determination
ðR2adjÞ giving the fraction of data variability explained by the
regression model was 0.7, demonstrating the goodness of fit. The
performance of the model was also evaluated by estimating the
error percentages between the modeled and measured PM10
concentrations: 10% in this case.
Typical crustal elements such as Al and Si are due to local
pollution and crustal/sulfate sources, whereas tracers for theage of variance explained by each factor. Cum.Var. (%): cumulative variance. Most
Factor 4 Factor 5 Factor 6
Fossil fuels Ammonium nitrate Combustions
Ni (0.97) NO3 (0.95) K (0.78)
V (0.96) NHD4 (0.92) SO
2
4 (0.45)
SO24 (0.36) Cu (0.43)
Mg2þ (0.25)
Var (%) ¼ 12 Var (%) ¼ 11 Var (%) ¼ 7
Cum.Var. (%) ¼ 71 Cum.Var. (%) ¼ 82 Cum.Var. (%) ¼ 89
Fig. 1. Source contribution to PM10 from factors determined by receptor model.
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the traffic (58e94%). Sulfate sources include mainly mineral dust
(29%), marine aerosol (19%), mixed combustions (17%) and fossil
fuels (12%), but 24% was not accounted for by any identified source.
The crustal/sulfate source also accounts for 9% of calcium and 13% of
magnesium, indicating a possible origin in the aging of sulfates
through the reaction of sulfuric acid with crustal carbonates. Sea-
spray was the main source of sodium (93%), chlorine (100%) and
also of a high percentage of magnesium (79%). The fossil fuel source
explains high percentages of V (69%) and Ni (84%). Nitrate is the
main component in the secondary nitrate (70%), but also it is
important in the local pollution (14%), whereas potassium equallyFig. 2. Distribution of the source profiles, wind roses and back-trajectory frequencies associa
salt contribution; CRO: mineral dust þ sulfate source contribution; SIA: secondary nitrate c
hours percentage.accounts for the local pollution and the mixed combustion sources.
These results are provided as supplementary material. The ðR2adjÞ
coefficients between the measured and modeled concentrations
were always >0.65, meaning that most of the experimental
chemical species were well accounted for.
3.3. Groups of samples different for atmospheric patterns and
polluting sources identified by factorecluster analysis
The resulting dendogram of CA on the source contributions is
given as supplementary material. Five main clusters were detected
with a normalized (Dlink/Dmax) * 100 cut-off of 20%. For each FCA
identified group, Fig. 2 shows the distribution of source profiles as
boxplots, their wind roses and the back-trajectory frequencies.
Group 1 (n ¼ 7) has the highest levels of pollution
(mean  standard deviation: 17  5 mg m3), and it is therefore
associated to the factor 1. Group 2 (n ¼ 9) shows the highest
concentrations of SIA (18  5 mg m3), whereas, on the average,
other sources contribute for about 3 mg m3. Group 3 (n ¼ 19)
presents relatively high values of sea-salt (14  4 mg m3), whereas
other sources account for less than 4 mg m3. Group 4 (n ¼ 7) has
high levels of mineral dust (13 4 mgm3) with high contents of Al,
Si and sulfate, followed by SIA (5  3 mg m3) and sea-salts
(4  1 mg m3). Finally, group 5 is composed of 27 samples (38%),
with generally low concentrations of all components (3 mg m3)
and includes days with lower PM10 concentrations (14 5 mg m3).
In addition to thesemain groups extracted by the CA, 3 samples, not
categorized in any cluster, were characterized by very high levels of
PM10 (>59 mg m3) and by different source contributions: 1) veryted to each group individuated by the FCA. POL: local pollution contribution; MAR: sea-
ontribution; COM: mixed combustion contribution; u: average wind speed; Chs: calm
Fig. 3. Influence of local and external contributions to PM10 (DPM10). Solid lines
represent median values, dashed lines are mean values.
M. Masiol et al. / Atmospheric Environment 54 (2012) 127e133 131high SIA (64 mg m3; 82% of total mass); 2) very high mineral dust
(45 mg m3; 67% of total mass); 3) high load of combustion sources
(30 mg m3; 45% of total mass).
3.4. Interpretation of results according to wind direction and back-
trajectories
With the aim of identifying the location of sources behind the
groups obtained by CA, wind roses and back-trajectory frequencies
were calculated for the days corresponding to each group. Group 1
and 2 show that the prevailing wind comes from quadrant I, with
a relatively lowaverage speed (0.8e1m s1), and high percentage of
wind calm hours (Chs). As evidenced during the breeze season, very
low average wind speeds are strongly associated to high levels of
locally emitted airborne pollutants. In particular, the study area is
affected by frequent thermal inversions in the upper layers and
prolonged atmospheric neutrality and stability during several
consecutive days (Rampazzo et al., 2008a). These conditions provide
the physical conditions that may limit the turbulence and the
dispersion of pollutants. As most back-trajectories for this group
show a northwestern European continental origin, a moderate
contribution of both pollution and SIA cannot be excluded from this
region. In particular, a recent study has demonstrated that heavy SIA
events are mainly due to a regional contribution and are related to
scarce atmospheric dispersion that tend to trap pollutants
(Squizzato et al., 2012). From the graph showing the trajectory
frequency (Fig. 2), it is evident that the regional scale (Po Valley and
continentalNorthwestern Europe) transportsmayhave a significant
impact in the transport of secondary component and pollutants.Table 3
Results of the discriminant analysis: test of equality of group mean and structure
significance (Sig.) >0.3) and largest absolute correlation between each variable and any
Test of equality of group mean
Wilks’ Lambda F df1 df2
Local Pollution 0.206 61.711 4 64
Ammonium nitrate 0.272 42.731 4 64
Marine Aerosol 0.257 46.280 4 64
Combustions 0.960 0.665 4 64
Crustal þ Sulfate 0.451 19.506 4 64The wind rose for group 3 shows a prevailing direction from
NNE, the highest average wind speed (2.2 m s1) and a low
percentage of wind calm (4%). As a consequence, high levels of
sea-salts are principally due to the generation of wind-induced
waves on the surface of the Adriatic Sea and the subsequent
bursting of bubbles when waves break on the nearest surf zone
(Lewis and Schwartz, 2004). Hence, as evidenced in the breeze
season, high levels of sea-salt are primarily due to local generation
processes taking place along the coastline, mainly during windy
days.
Group 4 presents the highest calm percentage (23%) and low
wind velocity (0.9 m s1). The graph showing the frequency of
back-trajectory indicates that the prevailing air masses originated
from central and southern Europe. However, few outbreaks of
Saharan dust contributing crustal material were observed and
confirmed by means of forecast model analysis (ICoDeDREAM
aerosol and dust maps) during almost all days: October 4e6,
11e12 and 27. For this reasons, high levels of Si and Al were prin-
cipally due to dust loadings from remote southern regions. On the
average, these three outbreak events increased the mineral dust
from 3 to 13 mg m3 (þ10 mg m3).
Lastly, even though wind directions of group 5 showed no
significant differences with the other groups, a moderate increase
of winds blowing from the third quadrant was monitored. As
hypothesized in a previous study (Masiol et al., 2010), these
samples may represent a sort of common basic composition of
PM10, whose chemical profile can be considered as the background
of the area, that is typically observed in presence of a normal
atmospheric circulation pattern and none of the specific sources are
locally generated and/or accumulated.
3.5. The relative importance of local and external contributions to
PM10
An indirect estimation of the influence of local and external
contributions to PM10 can be assessed by subtracting the average
values recorded in the group 5 (background) from any other
sample (DPM10). Results are reported in the boxplots of Fig. 3. On
the average (gray dashed line), the stagnation conditions, by
favoring the accumulation of local pollution, may cause a PM10
increase of 29 mg m3. In a similar way, external transports of SIA
from Po Valley and Northwestern Europe may add about
23 mg m3 of PM10, whereas intense Saharan dust outbreaks may
contribute additional 24 mg m3. Finally, the average local
production of sea-salts in particularly windy days raises the PM10
levels of about 16 mg m3. Although these results are accompanied
by some variability, this study has pointed out the important role
of both local atmospheric circulation and external transports on
the levels of PM10 in the study area. Starting from the local average
background of 14  5 mg m3 for PM10, the calculated PM10
increments allowed to confirm that the limit and target values
fixed by the European Directives were exceeded, when some
peculiar local weather conditions and/or long-range transport
processes had occurred.matrix with extracted discriminant functions. No discriminant sources (with
discriminant function are in bold.
Structure matrix
Sig. Function 1 Function 2 Function 3 Function 4
0.00 0.829 0.393 0.103 0.276
0.00 0.309 0.497 0.601 0.482
0.00 0.253 0.576 0.600 0.493
0.62 0.054 0.003 0.103 0.010
0.00 0.051 0.118 0.334 0.890
Fig. 4. Discriminant score 2D scatterplot.
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a discriminant analysis
To test the extent differences in the PM10 levels and chemical
profiles associated by FCA to days with varying atmospheric
circulation and long-range transports were significant, a DA was
carried out. The results of the DA classification, by assigning the
correct group to 99% of cases, confirm that the procedure of
grouping samples using FCAwas correct. Moreover, by using DA it is
possible to state which sources are more representative (discrimi-
nant) in the clustering process. The source “fossil fuels” was not
considered at this step for not providing statistically significant
mass contributions on PM10.
Basing on the test of univariate equality of group means
(Table 3), the source “combustions”, having the highest Wilks’L
(0.96) and presenting a significance of 0.6, appears not discriminant
in groups sorted out by FCA, i.e. it is homogeneously present in all
groups. The other sources have no significance and therefore are
discriminant, i.e. present heterogeneous distribution in the groups.
This points out that the source “combustion” is evenly present in all
the groups identified by FCA. This is also evident from the calcu-
lation of the coefficients of variation, which for the combustion
source is greater than for other sources, indicating poor temporal
fluctuations.
By applying the DA, four discriminating functions were also
extracted and interpreted by analyzing their correlations with the
input variables (Table 3). Each extracted functionwas then assigned
to the original variables: the first function presents higher corre-
lations with the source “local pollution”, the second one with the
source “marine aerosol” and third one with a combination of the
sources “SIA” and “marine aerosol”. The last discriminant function
represents the source “crustal and sulfate”. Fig. 4 shows the two-
dimensional scatterplot of sample scores onto the planes defined
by pairs of discriminant functions. The plot shows that the five
groups are generally well differentiated, i.e. their source composi-
tions are significantly different, and have acceptable within-groups
variances. This means that sample scores are distributed in the
plane identified by the axes represented by the discriminant
functions in the form of identifiable groups.
The DA finally provides additional information on PM10 sources:
samples clustered in group 5 are all located close to the origin of the
plot: these samples do not show significant variations in their
chemical profile, thus confirming that group 5 represents a sort of
common basic composition of PM10, i.e. the standing background of
the area.4. Conclusions
The main sources of PM10 measured in a semi-rural/coastal site
of Po Valley were identified by a FA and their relative importance
was quantified by the MLRA. An improved application of the FCA
was also tested by combining wind data and backward trajectories
with chemical data. This procedure adds more detailed information
on source origins, enables estimating the role of local sources and
long-range transports on PM10 and identifying the periods of high
PM10 pollution.
In this study the main identified sources of PM10 were sea-
spray (23%), secondary aerosol (21%), anthropogenic local pollu-
tion (13%) and combustions (8%). The interpretation of clusters
from FCA with wind data and back-trajectory frequencies revealed
an important role of both local atmospheric circulation and
external transports on the levels of PM10 in the study area espe-
cially in the sampling days when EU limits were exceeded. Finally,
the use of a discriminant analysis was useful to test the perfor-
mance of FCA in grouping samples and extracting further infor-
mation on PM10 sources.
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